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Hydrologic and Water-Quality Data for the 
Lower Bradley River, Alaska 
November Through April, 1995-98

By Ronald. L. Rickman

Abstract

A dam constructed at the outlet of Brad 
ley Lake near Homer, Alaska has blocked natu 
ral flows to the lower Bradley River. To protect 
salmon egg incubation habitat during the 
period of November 2 to April 30, a fish-water 
bypass was incorporated into the design of the 
dam to ensure a minimum discharge of 40 
cubic feet per second in the lower river. This 
minimum flow determination was based on an 
open-water instream flow study that did not 
take into account effects of ice formation. A 
study was begun in March 1993 to determine 
winter flow conditions in the lower Bradley 
River. As a part of this study, data were col 
lected at sites in the lower Bradley River to 
measure discharge, wetted perimeter, water 
depth, flow velocity, and specific conductance, 
as well as temperature and dissolved oxygen 
from both surface water and intragravel water. 
This report presents data collected between 
November 1995 and April 1998.

INTRODUCTION

The Alaska Energy Authority (AEA) 
began operation of the Bradley Lake Hydro 
electric Project near Homer, Alaska, in 1991 
(fig. 1). The dam, which is constructed at the 
Bradley Lake outlet, incorporated a fish-water 
bypass system to maintain flows required for 
fish habitat enhancement in the lower Bradley 
River. Federal Energy Regulatory Commission

(FERC) licensing requirements for the Bradley 
Lake Hydroelectric Project require mainte 
nance of a minimum flow of 40 ft3/s from 
November 2 to April 30, measured at the U.S. 
Geological Survey (USGS) stream-gaging sta 
tion Bradley River near Tidewater (station No. 
15239070; fig. 1). This discharge of 40 ft3/s is 
based on an open-water instream flow study 
(Woodward-Clyde Consultants, 1983). The 
study did not account for the effects of river ice 
formation, which is common in the lower 
Bradley River during the winter months. Many 
studies have developed suitability criteria for 
salmon spawning habitats, but few have 
addressed salmon-egg incubation habitats in 
ice-covered streams (Morsell, 1994).

It is not practical to obtain a record of 
continuous river discharge directly. Instead, 
instruments are installed to continuously mea 
sure river stage. Numerous discharge measure 
ments are made at various stages to define the 
correlation between stage and discharge. Once 
the stage/discharge relation has been defined, 
periodic discharge measurements are made to 
ensure that this relation remains valid. The sta 
bility of the stage/discharge relation is depen 
dent on the stability of the river channel. If 
channel geometry changes because of either 
scour or fill, so does the stage/discharge rela 
tion. In a regulated channel, such as the lower 
Bradley River, changes caused by scour and fill 
are usually gradual, and adjustments can be 
applied to the stage/discharge rating as needed. 
Channel geometry is also changed during peri-
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ods of ice formation in the river. These changes 
are usually rapid and highly variable, rendering 
the stage/discharge relation useless.

During the winter, operators of the Brad 
ley Lake Hydroelectric Project have released 
flows of 35 to 40 ft3/s at the fish-water bypass 
(measured at the USGS gaging station Bradley 
River below Dam, which generally remains ice

o

free) to ensure maintenance of a flow of 40 ft /s 
in the lower Bradley River. However, actual 
flows in the lower Bradley River are usually 
well above the required minimum because the 
Middle and North Forks Bradley River contrib 
ute inflow that has not been adequately quanti 
fied.

In March 1993, under a cooperative 
agreement with the Alaska Energy Authority, 
the USGS began a study of winter flow condi 
tions in the lower Bradley River. The objectives 
of this study are to (1) determine the discharges 
that must be released at the fish-water bypass to 
maintain a flow of 40 ft3/s in the lower Bradley 
River, (2) determine whether a flow of less than 
40 ft3/s might also provide adequate protection 
of habitat for salmon incubation, and (3) gain 
insight into the minimum limits of flow to 
assure that the salmon incubation habitat is pro 
tected in the event of an unexpected decrease in 
flow.

Purpose and Scope

The purpose of this report is to present the 
hydrologic and water-quality data collected as 
part of the Lower Bradley River Salmon Incu 
bation Habitat Study, an investigation of the 
effects of ice formation on salmon incubation 
habitat. Hydrologic and water-quality data for 
the periods March 1993 to April 1994 and 
November 1994 to April 1995 have been previ 
ously reported (Rickman, 1995, 1996).

In scope, this report includes hydrologic 
and water-quality data collected at six transects 
in the lower Bradley River between November 
1995 and April 1998. Hydrologic properties

include percent ice cover, ice conditions, 
instantaneous discharge, mean velocity, mean 
depth, mean hydrostatic head, and wetted 
perimeter for each of the six transects. Also pre 
sented are graphs showing hydrostatic head, 
water depth, and velocity distribution across the 
transects for a variety of discharges and ice con 
ditions. Water-quality properties include tem 
perature, dissolved oxygen and percent 
saturation, and specific conductance for surface 
water; and temperature, dissolved oxygen and 
percent saturation for intragravel water. Sur 
face-water velocity and hydrostatic head at the 
intragravel-water sample points are also pre 
sented. In addition, sample collection and anal 
ysis methods are described.

Acknowledgments

The author gratefully acknowledge the 
assistance of John Morsell, of Northern Eco 
logical Services (under contract with the 
Alaska Energy Authority), for providing 
salmon escapement information and aiding 
with study design.

Study Area and Data-Collection Sites

The Bradley River originates in the Kenai 
Mountains east of Homer, flows into Bradley 
Lake (fig. 1), and then flows northward from 
Bradley Lake for about 5 mi to Kachemak Bay. 
The Middle and the North Forks of the Bradley 
River flow into the main stem of the Bradley 
River 3.3 mi downstream from the Bradley 
Lake outlet. Flow from the upper basin of the 
Middle Fork is diverted into Bradley Lake.

Six transects were selected at known 
spawning areas of pink salmon the predomi 
nant salmon species (Morsell and others, 1993; 
Morsell, 1996) in the lower Bradley River 
between Bear Island and Lower Riffle Reach 
(fig. 2). Transect characteristics have been pre 
viously described (Rickman, 1996).

Introduction 3
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METHODS AND MATERIALS

Discharge

The USGS has operated daily streamflow 
stations at Bradley River near Tidewater since 
1983 and Middle Fork Bradley River below 
North Fork Bradley River since 1996 (fig. 1). 
Both stations are affected by ice much of the 
winter, during which time daily mean dis 
charges are estimated using methods described 
by Rantz and others (1982, p. 360-376). Instan 
taneous discharge measurements were made at 
each of the six transects during field visits. A 
standard pygmy meter was used to measure 
velocity for all discharge measurements, except 
for periods when anchor ice was present, in 
which case a pygmy meter with polymer cups 
was used because it resists icing. Water depth 
and velocity were measured at 15 to 30 subsec 
tions at each transect with the following meth 
ods:

Subsection 
condition

Water depth 
(feet) Depth method

Ice free 0.6

0.2 and 0.8

Ice covered

1.0-1.5

0.6

0.2 and 0.8

0.2, 0.6, and 0.8

A description of methods is given by Rantz and 
others (1982, p. 134-136, p. 151-155). This 
approach for measuring ice-covered subsec 
tions gave the most consistent results for com 
puting discharge.

Transect Survey and Datum

Transects of the lower Bradley River were 
established in March 1993 at six locations (fig. 
2). At each location, steel markers were driven

into the ground to delineate transect end points, 
and standard survey techniques were used to tie 
all the cross sections to the same datum (Rick- 
man, 1995). Reference pins, used to determine 
water-surf ace elevation, were driven into the 
streambed at each transect. The pins were sur 
veyed annually to ensure that water-surface ele 
vation measurements were accurate. Reference 
pins were frequently damaged by ice, and were 
replaced as needed when possible. In the 
absence of reliable reference pins, water-sur 
face elevation was estimated using cross-sec 
tion comparison between field visits.

Hydraulics

Water depth, hydrostatic head, and flow 
velocity data were also collected at each of the 
six transects a minimum of four times each 
winter between November 1995 and April 
1998. These properties were measured at sev 
eral points across each transect using the proce 
dures described by Buchanan and Sommers 
(1969) and Rantz and others (1982). In this 
report, water depth is defined as the distance 
from the streambed to the bottom of the ice 
shelf, and hydrostatic head is defined as the dis 
tance from the streambed to the water surface, 
measured in holes cut into the ice (fig. 3A). 
When ice is bridged above the water column, or 
if no ice present, then hydrostatic head equals 
water depth (fig. 3B). Hydrostatic head is 
always greater than or equal to the water depth 
under the ice. Hydrostatic head greater than 
water depth indicates pressurized flow. Wetted 
perimeter was computed for each section using 
the Slope-Area Computation Program (Fulford, 
1994). For this study, wetted perimeter is 
defined as the part of streambed within a 
transect that is wetted by surface water, and 
does not include the ice/water boundary, nor 
does it include any parts of the streambed that 
are frozen.

Methods and Materials 5
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Water Temperature

The USGS has operated daily surface- 
water and intragravel-water temperature sta 
tions on the lower Bradley River since 1986. 
The surface-water temperature station is 
located at the Bradley River near Tidewater 
gaging station, and the intragravel water-tem 
perature station is located downstream from the 
gaging station near the Tree Bar Reach transect 
(published as Bradley River near Tidewater, 
U.S. Geological Survey, 1987-98). The intra 
gravel water-temperature probe is buried in the 
gravels to a depth of approximately 1 ft, and is 
in an area of known ground-water discharge. 
Surface-water-temperatures are recorded at 30- 
minute intervals and intragravel-water temper 
ature at 60-minute intervals. Recorded data 
were verified using calibrated field thermome 
ters (Stevens and others, 1975, p. 30), and are 
rounded to the nearest 0.5 °C.

Dissolved Oxygen

Dissolved-oxygen samples of surface 
water and intragravel water were collected at 
each transect concurrently with discharge mea 
surements. Surface-water dip samples were 
collected by gently filling 300-mL glass biolog 
ical oxygen demand (BOD) bottles which were 
then immediately fixed and analyzed using the 
Azide modification of the Winkler method 
(American Public Health Association and oth 
ers, 1989, p. 4-152). Water temperature and 
barometric pressure were also measured to cal 
culate the percent oxygen saturation.

Dissolved-oxygen samples of intragravel 
water were collected at each cross section by 
inserting a stainless-steel tube with an inside 
diameter of 3/16 in. into the streambed to a 
depth of 1 ft. The lower 0.4 ft of the sample tube 
was perforated with 1/16-inch-diameter holes. 
Water was pumped using a peristaltic pump 
with Masterflex C-FLEX tubing (low oxygen

permeability) at a rate of 10 mL per minute into 
a 60-mL BOD bottle. The slow pump rate was 
necessary to prevent surface-water intrusion 
(Hoffman, 1986, p. 446). A total of three sam 
ple volumes were pumped through the bottles, 
and the samples were fixed and analyzed using 
the Azide modification of the Winkler method. 
Intragravel water temperature was measured in 
the BOD bottle during sample collection, 
except at Tree Bar Reach, where the recorded 
intragravel-water temperature data were avail 
able.

Specific Conductance

Specific conductance dip samples were 
collected concurrently with discharge measure 
ments to gain insight into ground-water contri 
butions (Riggs, 1972, p. 12; Miller and others, 
1988) and possible salt-water intrusion from 
high tides. Samples were analyzed using field- 
calibrated specific conductance meters (Hem, 
1985).

HYDROLOGIC DATA

Discharge

Daily mean discharge data for Bradley 
River near Tidewater from November 1 through 
April 30, water years 1996-98 are shown in fig 
ure 4. A water year begins October 1 and ends 
September 30. Streamflow that was estimated 
because of ice effect is shown using dashed 
lines. Distinct icing periods between November 
1 and April 30 occurred twice in 1996, four 
times in 1997, and three times in 1998. Daily 
mean discharge for the study period ranged 
from 40 to 934 ft3/s at the Bradley River near 
Tidewater stream-gaging station. Streamflow 
greater than 75 ft3/s was caused by snowmelt 
and (or) rainfall in the lower Bradley River 
basin.

Hydrologic Data 7
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Discharge measurements were made at 
the six transects in the lower Bradley River (fig. 
2) where most spawning activity occurs (Mor- 
sell and others, 1993, p. 12). Measured dis-

o

charges ranged from 33.3 ft /s on March 5, 
1998 at Lower Riffle Reach transect to 72.8 
ft3/s on March 4, 1998 at Tree Bar Reach 
transect. These measured discharges ranged 
between 83 and 182 percent of the 40 ft3/s tar 
get flow. Comparison of discharge measure 
ments made at the six study transects indicates 
no net exchange between ground water and 
streamflow from the Bear Island transect to the 
Lower Riffle Reach transect.

Intermittent instantaneous discharge 
measurements were made during the 1996 
water year at the Middle Fork Bradley River 
below North Fork Bradley River. A USGS 
stream-gaging station was installed in July 
1996 (station No. 15239060, figs. 1 and 2). 
Instantaneous discharge measurements for the
1996 water year and daily mean discharge data 
from November 1 through April 30, water years
1997 and 1998 are shown in figure 5. Stream- 
flow that was estimated because of ice effect is 
shown using dashed lines. Four periods of ice 
formation occurred during water year 1997 and 
three occurred in 1998.

Daily mean discharge for the study period 
ranged from 2.5 to 626 ft3/s. On many days, 
discharges were much less than the lowest 
instantaneous discharge measured between 
March 1993 and April 1995 (Rickman, 1995 
and 1996). This phenomenon resulted because 
of unusually dry conditions. Precipitation in the 
Bradley River basin was 80 percent of normal 
during the 1996 and 1997 water years. Dis 
charge contributions from the lower Middle 
Fork and North Fork Bradley River (fig. 1) to 
the lower Bradley River averaged 34 percent 
and ranged between 6 and 91 percent.

Hydraulic Data

Ice formation can significantly affect 
hydraulic conditions of the river. When ice con 
stricts the open channel or changes the rough 
ness of the channel, "ice backwater" effects 
change the stage/discharge relation. When ice 
backwater occurs, hydrostatic head and wetted 
perimeter usually increase, and mean velocity 
usually decreases when compared against ice- 
free conditions.

Three types of river icing phases were 
noted during this study. For this report, they are 
referred to as forming, stable, and eroding. Ice 
was observed to form in the lower Bradley 
River by coalescing of frazil ice, anchor ice for 
mation, and shore-fast ice formation. Frazil ice 
formation is common in turbulent streams. 
Anchor ice forms when super-cooled liquid 
water attaches or nucleates to form ice on the 
streambed (Ashton, 1986, p. 282). Shore-fast 
ice was observed to grow and extend out into 
the river channel from both banks leaving a sin 
gle narrow open lead. Eventually, this lead 
freezes over completely. Ice conditions eventu 
ally reach a point of equilibrium where ice is 
neither forming nor eroding at a noticeable rate. 
For this report, this is referred to as the stable 
phase. Frazil and anchor ice were never present 
in the study reach during the stable phase.

Eroding ice conditions occurred as air 
temperatures rose high enough to weaken 
and/or melt the ice. Frazil and anchor ice were 
never present in the study reach during the 
eroding phase. Eventually, the ice weakens to a 
point where backwater from high tides lifts and 
fractures the ice.

Forming ice conditions consistently 
resulted in ice backwater at the upper three 
transects (Bear Island, Tidewater, and Tree Bar 
Reach), when compared with ice-free periods

Hydrologic Data 9
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at similar discharges. Increases in water depth 
and wetted perimeter, as well as decreases in 
mean velocity were also found in previous 
years (hydrostatic heads were not measured 
prior to November 1995) (Rickman, 1995 and 
1996). The effects of forming ice on velocity, 
water depth, and wetted perimeter at the lower 
three transects (Fish Camp, Upper Riffle 
Reach, and Lower Riffle Reach) were not con 
clusive. These findings agree with measure 
ments made in previous years (Rickman, 1995, 
1996). However, hydrostatic head was greater 
at the Bradley River below Fish Camp and 
Upper Riffle Reach transects during periods of 
forming ice.

Stable and eroding ice conditions did not 
consistently create ice backwater when com 
pared against ice-free conditions at similar dis 
charges (table 1). Some exceptions to this are as 
follows: (1) wetted perimeter measured on 
December 17, 1996 (eroding ice conditions) at 
the Bradley River at Bear Island transect 
included a 26-foot-wide section of wetted grav 
els beneath the ice cover, with no layer of water 
in between (fig. 6E) 1 ; (2) wetted perimeter 
measured on February 27, 1996 (eroding ice 
conditions) at the Bradley River near Tidewater 
transect was 8 percent less than that at a similar 
discharge with ice-free conditions; (3) wetted 
perimeter measured on March 18, 1997 (stable 
ice conditions) at the Bradley River below Fish 
Camp transect was 11 percent greater than that 
for ice-free conditions at a similar discharge, 
and was the largest measured for all ice condi 
tions at similar discharge at the Upper Riffle 
Reach transect; and (4) wetted perimeter mea 
sured April 23, 1997 (no ice) at the Bradley 
River at Lower Riffle Reach was much lower 
than that for all other measurements because of 
extensive recent mud deposits along the banks.

Water velocity distribution within each 
transect varied significantly with ice formation 
at all six transects (figs. 6-11). The most strik

figures 6-12 are at the end of the report.

ing examples are at Bradley River at Bear 
Island (fig. 6) and at Bradley River at Tree Bar 
Reach (fig. 8). Ice formation forces most of the 
flow into narrow parts of the channels. Each ice 
episode is unique, and no consistent patterns of 
velocity distribution were found when compar 
ing episodes.

WATER-QUALITY DATA

Temperature

Surface-water temperature fluctuated 
more than intragravel-water temperature for
1995-96 (fig. 12), as had been observed in pre 
vious years (Rickman, 1996; U.S. Geological 
Survey, 1987-1998). Surface water is generally 
colder than intragravel water during cold 
weather periods, and wanner than intragravel 
water during warm weather periods. During
1996-97 and 1997-98, surface-water and intra 
gravel-water temperatures were similar. 
Extended periods of 0 °C surface-water temper 
ature are common. Intragravel-water tempera 
ture occasionally dropped to 0 °C, but for a 
shorter time, except during 1997-98 when sur 
face- and intragravel-water temperatures were 
nearly identical. The reason for this change is 
unknown, but may be influenced by redd con 
struction, which can change intragravel flow 
characteristics and circulate surface water past 
the intragravel-water temperature probe.

Surface-water temperature measure 
ments, made concurrently with discharge mea 
surements, show that temperatures were 
relatively constant among transects for each 
sample period (table 2). Intragravel-water tem 
perature measurements were also made concur 
rently with discharge measurements at each 
transect. Intragravel-water temperatures varied 
more among transects for each sample period 
(table 2), probably because of a combination of 
difference in water source among transects, and 
measurement error.

Water-Quality Data 11



Table 1 . Selected hydrologic properties for the lower Bradley River, November 1995 to April 1998

[ft, foot; ft/s; foot per second; ftVs, cubic foot per second; <, less than; >, more than; e, estimated; --, no data]

Transect site n Ice cover 
(fig. 2) ate (percent)

Bear Island 12-04-95

01-11-96

02-27-96

04-02-96

12-17-96

01-09-97

02-12-97

03-18-97

04-23-97

03-03-98

03-04-98

03-05-98

Tidewater 11-29-95

01-11-96

02-27-96

04-02-96

12-17-96

01-09-97 

02-12-97

03-17-97

04-23-97

12-03-97

01-14-98

03-03-98

03-04-98

03-04-98

03-04-98

03-05-98

03-05-98

03-05-98

Tree Bar Reach 1 1 -29-95

01-11-96

03-04-96

04-02-96

12-17-96

01-09-97

02-12-97

03-18-97

04-23-97

12-03-97

100

100

60

10

30

100

35

100

0

  50

50

50

100

100

35

0

50

100 

0

40

0

45

100

30

30

30

30

30

30

30

100

95

<20

0

60

100

0

92

0

33

Ice 
condition

Forming

Forming

Eroding

Eroding

Eroding

Stable

Eroding

Stable

None

Forming

Forming

Forming

Forming

Forming

Eroding

None

Eroding

Forming 

None

Forming

None

Forming

Forming

Forming

Forming

Forming

Forming

Forming

Forming

Forming

Forming

Forming

Eroding

None

Eroding

Forming

None

Stable

None

Forming

Discharge 
(frVs)

e46

45.1

54.6

48.8

52.6

41.4

58.6

53.5

40.5

e63

43.3

e34

e46

43.4

53.1

48.6

52.6

e40 

52.9

53.7

46.6

43.4

51.4

62.2

63.6

59.4

42.2

37.2

33.5

38.3

e46

e43

48.8

45.3

52.3

39.0

54.5

53.0

46.6

46.1

Discharge 
error 

(percent)

>8
>8

5
>8

5
>8

5
>8

8

>8

>8

>8

>8

>8

5

5

5

>8 

5

>8

8

8

8

8

8

8

8

>8

8

5

>8

>8

>8

8

8

>8

5

>8

8

>8

Mean 
velocity 

(ft/s)

(a)

0.53

0.83

1.13

1.12

1.90

1.28

1.46

1.43

-

0.98

-

(a)

0.49

1.27

1.17

1.14

1.38 

1.15

1.37

1.19

0.59

0.63

0.95

0.88

0.89

0.72

0.66

0.59

0.66

(a)

(a)

1.20

1.28

1.28

1.00

1.22

0.80

1.12

0.67

Mean 
depth (ft)

1.16
1.09
1.03
0.54
0.48

0.41

0.65

0.57

0.46

~

0.54

-

1.90

2.03

1.13

1.04

1.11

0.71 

1.14

1.06

1.10

1.62

1.78

1.56

1.71

1.60

1.42

1.35

1.37

1.37

1.01

1.40

0.62

0.55

0.58

0.65

0.64

0.93

0.61

0.92

Mean 
hydrostatic 

head 
(ft)

2.12

1.64

1.03

0.54

0.48

1.02

0.65

0.76

0.46

-

0.80

~

2.09

2.72

1.13

1.04

1.11

1.45 

1.14

1.30

1.10

1.62

2.20

1.90

1.71

1.60

1.42

1.35

1.37

1.37

1.70

2.17

0.62

0.55

0.58

2.09

0.64

1.31

0.61

1.28

Wetted 
perimeter 

(ft)

130.5

78.7

64.2

60.0

98.7

63.3

70.1

68.7

61.8

96.1

80.2

62.6

61.1

43.3

37.4

40.3

42.5

40.5 

40.5

37.6

39.4

46.0

47.0

42.9

42.6

42.3

42.0

41.9

42.1

42.5

75.2

73.9

65.6

65.1

70.8

74.6

70.4

71.6

68.2

74.7

12 Hydrologic and Water-Quality Data for the Lower Bradley River, Alaska, November Through April 1995-98



Table 1 . Selected hydrologic properties for the lower Bradley River, November 1995 to April 1998 -- 
Continued

Transect site 
(fig- 2)

Tree Bar Reach

(continued)

Below Fish
Camp

Upper Riffle 
Reach

#

Lower Riffle
Reach

Ice cover 
uate (percent)

03-03-98

03-04-98

03-05-98

12-05-95

01-12-96

03-04-96

04-03-96

12-18-96

02-12-97

03-18-97

04-23-97

03-04-98

03-05-98

03-05-98

12-04-95

01-12-96

03-05-96

04-03-96

12-18-96

02-12-97

03-18-97

04-23-97

12-04-95

01-12-96

03-05-96

04-03-96

12-18-96

02-12-97

03-18-97

04-23-97

03-04-98

03-05-98

56

56

56

100

100

67

80

100

0

100

0

100

100

100

100

100

100

60

100

0

100

0

100

100

100

<10

100

0

100

0

60

60

Ice 
condition

Forming

Forming

Forming

Forming

Forming

Eroding

Forming

Eroding

None

Stable

None

Forming

Forming

Forming

Forming

Forming

Eroding

Forming

Eroding

None

Stable

None

Forming

Forming

Eroding

Forming

Eroding

None

Stable

None

Forming

Forming

Discharge 
(ftS/s)

65.8

72.8

34.0

43.4

e43

42.8

54.0

60.6

53.2

50.9

48.0

62.2

34.7

43.8

b40.1

e43

50.2

54.5

60.6

60.6

54.0

47.6

42.1

e43

41.0

49.8

56.0

63.3

50.8

49.9

64.1

33.3

Discharge 
error 

(percent)

8
8
8

>8
>8

>8

8

>8

5

>8

8

>8

>8

>8

>8

>8

8

8

>8

5

>8

8

>8

>8

>8

8

>8

8

>8

8

>8

8

Mean 
velocity 

(ft/s)

0.81

0.65

0.53

0.82

(a)

0.61

0.80

1.01

0.80

0.85

0.75

0.95

0.62

0.73

b0.67

(a)

0.90

0.75

0.67

0.79

0.86

0.73

1.02
(a)

0.77

1.07

1.12

1.30

1.22

1.32

0.97

0.81

Mean 
depth (ft)

1.12
1.54
0.89

0.79

1.22

1.23

1.30

1.08

1.20

0.97

1.18

1.08

1.00

1.07

0.72

0.86

0.67

0.94

1.11

0.92

0.73

0.86

0.56

0.51

0.73

0.62

0.68

0.63

0.49

0.62

0.89

0.53

Mean 
hydrostatic 

head 
(ft)

1.59

1.68

1.23

2.24

1.67

1.64

1.30

1.58

1.20

1.52

1.18

1.71

1.46

1.60

1.60

1.30

1.22

0.94

1.33

0.92

0.96

0.86

1.37

1.10

1.04

0.62

1.34

0.63

0.73

0.62

1.02

0.71

Wetted 
perimeter 

(ft)

73.4

73.8

72.3

67.5

58.4

57.7

52.3

57.2

55.8

61.8

55.6

61.3

56.5

56.8

84.3

83.7

83.6

77.8

83.9

84.0

87.0

75.6

77.2

69.0

73.2

75.4

74.0

83.6

86.7

C61.4

82.8

79.3

aUnable to measure all properties because of anchor ice and multiple ice layers 

Measurements may be tide affected 

c Channel banks have filled with mud brought in during high tides
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Table 2. Selected water-quality data and site characteristics for the lower Bradley River, 
November 1995 to April 1998
[mm Hg, millimeter of mercury; °C, degree Celsius; mg/L, milligram per liter; (As/cm, microsiemens per centimeter; ft, foot; ft/s, foot per second; --, no data]

Transect 
site Date

(fig. 2)

Bear Island 12-04-95 

01-11-96 

03-04-96

04-03-96

12-17-96

01-09-97

02-12-97

04-23-97

Tidewater 1 1-29-95

01-11-96

03-04-96

04-03-96

3,2-17-96

01-09-97

02-12-97

03-18-97

04-23-97

12-03-97

03-04-98

03-05-98

Tree Bar 11-29-95
Reach

01-11-96

03-04-96

04-03-96

12-17-96

01-09-97

02-12-97

03-18-97

04-23-97

12-03-97

03-04-98

03-05-98

Baro 
metric 

pressure 
(mm Hg)

770 

764 

770

750

748

744

744

763

762

764

770

752

748

746

744

738

763

755

772

768

762
762

764

770

750

748

746

754

738

763

755

111,

769

Surface water

Temper 
ature 
(°C)

0.0 

0.0 

0.0

0.0

0.0

0.0

1.0

2.5

0.0

0.0

0.0

0.0

0.0

0.0

1.0

0.0

2.5

0.0

0.0

0.0

0.5
0.5

0.0

0.0

0.0

0.0

0.0

1.0

0.0

2.5

0.0

0.0

0.0

Dis 
solved 
oxygen 
(mg/L)

13.7 

14.4 

14.4

14.1

14.4

14.4

~

13.4

13.9

14.6

14.2

11.9

13.7

14.0

13.8

9.5

13.8

14.1

14.4

13.6

11.0
12.6

14.7

14.3

~

14.2

14.8

14.2

11.9

13.1

14.3

14.4

14.0

Dissolved 
oxygen 
percent 

saturation

93 

98 

98

97

100

101

-

98

95

99

96

83

95

98

99

67

101

97

97

92

75
88

100

97

~

99

103

101

84

96

99

97

95

Specific 
conduct 

ance 
(Us/cm)

-

-

65

59

71

70

 

~

-

-

65

59

71

73

70

77

72

72

~

-

-

~

65

59

71

73

70

77

72

72

Intragravel water

Temper 
ature 
(°C)

-

-

0.0

0.0

1.0

2.0

 

-

-

-

1.5

0.5

1.5

~

2.5

0.5

0.5

0.0

0.0
0.0

0.5

0.5

0.5

0.0

0.5

1.5

0.0

2.0

~

0.0

0.0

Dis- Dissolved 
solved oxygen 
oxygen percent 
(mg/L) saturation

14.0 
13.7

14.0

13.6

12.5

13.8

-

12.6

12.5

13.2

13.1

9.2

13.5

13.3

11.2

13.1

13.1

14.0

10.8

10.4
9.3

10.8

8.2

13.3

13.2

14.0

12.2

12.2

11.7

~

9.6

13.0

-

~

95

88

99

-

 

~

-

-

67

96

97

81

95

92

96

73

71
63

76

57

95

92

99

88

86

84

-

65

88

Intragravel sample 
location

Hydrostatic Surface- 
head above water 
streambed velocity 

(ft) (ft/s)

1.42 

0.50

0.20

0.70

0.98

0.50

~

1.90

3.04

0.20

0.30

1.05

1.00

0.41

1.03

0.58

1.24

0.60

0.60

2.00
2.00

1.36

0.60

0.20

0.83

1.55

0.32

1.04

0.36

-

1.30

0.82

0.11 

<0.20

0.45

0.19

1.69

0.30

--

 

0.49

<0.20

0.30

1.09

0.69

0.60

1.01

0.98

0.60

0.18

0.50

0.50
0.50

0.98

0.76

0.20

0.95

0.87

0.74

0.98

0.83

-

1.35

0.44
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Table 2. Selected water-quality data and site characteristics for the lower Bradley River, 
November 1995 to April 1998 -Continued

Transect 
site

(fig. 2)

Below Fish
Camp

Upper Riffle 
Reach

Lower Riffle
Reach

Date

12-05-95

01-12-%

03-04-96

04-03-96

12-18-96

02-12-97

03-18-97

04-23-97

03-05-98

12-04-95

01-12-96

03-05-96

04-03-96

12-18-96

02-12-97

03-18-97

04-23-97

12-04-95

01-12-96

03-05-96

04-03-96

12-18-96

02-12-97

03-18-97

04-23-97

03-04-98

03-05-98

Baro 
metric 

pressure 
(mm Hg)

781
768

770

752

747

754

739

768

767

770

768

769

752

748

755

741

763

770

768

769

752

742

755

742

767

773

769

Surface water

Temper 
ature 
(°C)

0.0

0.0

0.0

0.0

0.0

0.5

0.0

2.0

0.0

0.0

0.0

0.0

0.0

0.0

0.5

0.0

2.0

0.0

0.0

0.0

0.0

0.0

1.0

0.0

2.0

0.0

0.0

Dis 
solved 
oxygen 
(mg/L)

13.3
14.6
14.2

12.3

14.2

14.0

11.7

13.5

13.9

13.8

14.7

14.2

12.1

13.5

13.7

12.8

13.3

14.3

14.7

14.3

14.0

13.6

13.8

11.7

14.3

13.8

14.2

Dissolved 
oxygen 
percent 

saturation

89

99
96

84

99

98

83

97

94

93

99

96

84

94

96

90

96

97

99

97

97

96

97

82

103

93

96

Specific 
conduct 

ance 
(Us/cm)

~
~

~

~

65

71

75

70

72

-

~

-

65

72

75

70

-

~

-

~

65

72

73

70

72

72

Intragravel water

Temper 
ature 
(°C)

-

0.5

0.5

-

1.5

2.0

-

1.5

0.0

-

-

-

0.0

0.5
-

1.5

-

~

~

-

0.5

1.0
-

1.5

~

-

Dis- Dissolved 
solved oxygen 
oxygen percent 
(mg/L) saturation

12.9
10.0

10.3

14.0

14.0

12.6

12.8

15.3

13.7

8.7
-

11.4

11.5

10.0

14.2

10.5

14.5

11.0

~

13.5

11.2

13.0

13.5

9.5

12.5
~

-

-

68

71
~

102

92

93

108

93

~

-

-

70

100

74

103

~

-

~

-

93

96

67

89

~

-

Intragravel sample 
location

Hydrostatic Surface- 
head above water 
streambed velocity 

(ft) (Ws)

1.95
1.80

1.68

0.20

1.35

0.98

2.02

1.22

1.82

1.20

0.90

1.00

0.30

1.30

1.11

1.80

0.80

1.50

-

0.80

0.40

1.52

0.65

0.80

0.72

-

-

0.49

0.31

0.33

0.69

0.81

0.62

0.80

0.64

0.58

0.22

0.35

0.47

0.16

0.68

0.51

0.50

1.01

~

0.83

0.61

1.69

1.25

1.49

1.36

-

-
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Dissolved Oxygen REFERENCES CITED

Dissolved-oxygen concentrations of sur 
face water ranged from 67 percent saturation at 
the Tidewater transect on March 18, 1997, to 
103 percent saturation at both the Tree Bar 
Reach transect on January 9, 1997, and the 
Lower Riffle Reach transect on April 23, 1997 
(table 2). The causes of the unusually low sur 
face-water dissolved-oxygen concentration 
(9.5 mg/L) measured on March 18, 1997 at the 
Tidewater transect are not readily apparent. 
Surface-water dissolved-oxygen concentra 
tions were lower than average at several other 
transects on March 18, 1997. Contributing fac 
tors such as percent ice cover, velocity distri 
bution, water depth, hydrostatic head, and 
water temperature were within the ranges 
observed during other periods.

Intragravel-water dissolved-oxygen con 
centrations were usually 0.1 to 6.1 mg/L lower 
than those for surface water (table 2). This 
range in differences is larger than those previ 
ously reported (Rickman, 1995, 1996). Intra 
gravel-water dissolved-oxygen concentrations 
were greater than dissolved-oxygen surface- 
water concentrations at several of the transects 
during the April 1996 and March 1997 sample 
collections. The reasons for this are not under 
stood. All chemicals used in these analysis 
were checked and determined to be fresh and at 
their correct concentrations.

Specific Conductance

Specific conductance values ranged from 
59 to 77 (iS/cm and did not vary significantly 
among transects or between field visits (table 
2). The ranges of specific conductances 
reported here are similar to those reported pre 
viously (Rickman, 1995, 1996). Specific con 
ductance does not appear to be related to flow, 
nor is there evidence that salt-water intrusion 
occurred at any of the six transects during the 
field visits.

American Public Health Association, American Water 
Works Association, and Water Pollution Control 
Federation, 1989, Standard methods for the exami 
nation of water and wastewater (17th ed.): Washing 
ton D.C., 1451 p.

Ashton, G.D., ed., 1986, River and lake ice engineering: 
Littleton, Colo., Water Resources Publications, 485 
P-

Buchanan, T.J., and Sommers, W.P., 1969, Discharge 
measurements at gaging stations: U.S. Geological 
Survey Techniques of Water-Resources Investiga 
tions, book 3, chap. A8,65 p.

Fulford, J.M., 1994, User's guide to SAC A computer 
program for computing discharge by slope-area 
method: U.S. Geological Survey Open-File Report 
94-360, 30 p.

Hem, J.D., 1985, Study and interpretation of chemical 
characteristics of natural water (3d ed.): U.S. Geo 
logical Survey Water-Supply Paper 2254, 263 p.

Hoffman, RJ.,1986, A horizontal intragravel pipe for 
sampling water quality in salmonid spawning 
gravel: North American Journal of Fisheries Man 
agement, v. 6, p. 445-448.

Miller, R.L., Bradford, W.L., and Peters, N.E., 1988, 
Specific conductance Theoretical considerations, 
and applications to analytical quality control: U.S. 
Geological Survey Water-Supply Paper 2311, 16 p.

Morsell, J., 1994, Bradley Lake Hydroelectric Project 
investigation of winter flow conditions required to 
support salmon egg incubation: Anchorage, Alaska, 
Northern Ecological Services, 10 p.

Morsell, J., 1996, Bradley River salmon study program 
1996 Annual report: Prepared for the Alaska 
Energy Authority, 51 p.

Morsell, J., Howard, R.L., and Bingham, M.M.,1993, 
Bradley River salmon escapement monitoring and 
tailrace attraction studies 1993 Final report: Pre 
pared for the Alaska Energy Authority, 71 p.

Rantz, S.E., and others, 1982, Measurement and compu 
tation of streamflow Volumes 1 and 2: U.S. Geo 
logical Survey Water-Supply Paper 2175, 631 p.

Rickman, R.L., 1995, Hydrologic and water-quality data 
for the lower Bradley River, Alaska, March 1993 to 
April 1994: U.S. Geological Survey Open-File 
Report 95-338, 30 p.

16 Hydrologic and Water-Quality Data for the Lower Bradley River, Alaska, November Through April 1995-98



Rickman, R.L., 1996, Effect of ice formation and stream- U.S. Geological Survey, 1987-98, Water resources data
flow on salmon incubation habitat in the lower for Alaska, water years 1986-97: U.S. Geological
Bradley River, Alaska: U.S. Geological Survey Survey Water-Data Reports AK-86-1 to AK-97-1
Water-Resources Investigations Report 96-4202, 34 (published annually).

p- Woodward-Clyde Consultants, 1983, Bradley River 
Riggs, H.C., 1972, Low-flow investigations: U.S. Geo- instream flow studies: Anchorage, Alaska, Wood- 

logical Survey Techniques of Water-Resources ward-Clyde Consultants, 75 p. 
Investigations, book 4, chap. Bl, 18 p.

Stevens, H.H., Jr., Ficke, J.F., and Smoot, G.F., 1975, 
Water temperature Influential factors, field mea 
surements, and data presentation: U.S. Geological 
Survey Techniques of Water-Resources Investiga 
tions, book 1, chap. Dl, 65 p.

References Cited 17



O
 

(Q o
'

D)
 

3
 

O
.

I I H O
 

(Q zr

111 O
 

2

D
ec

em
be

r 4
,1

99
5,

10
0 

pe
rc

en
t i

ce
 c

ov
er

, f
or

m
in

g 
- 

D
is

ch
ar

ge
, 4

6 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d 

(e
st

im
at

ed
) 

N
o 

ve
lo

ci
ty

 d
at

a 
av

ai
la

bl
e

40
60

80
10

0
12

0
14

0
16

0

Fe
br

ua
ry

 2
7,

19
96

, 
60

 p
er

ce
nt

 ic
e 

co
ve

r, 
er

od
in

g
D

is
ch

ar
ge

, 
54

.6
 c

ub
ic

 fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

H
yd

ro
st

at
ic

 h
ea

d

V
el

oc
ity

B
Ja

nu
ar

y 
11

,1
99

6,
10

0 
pe

rc
en

t 
ic

e 
co

ve
r, 

fo
rm

in
g 

D
is

ch
ar

ge
, 4

5.
1 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d

18
0 

40
60

80
10

0
12

0
14

0
16

0
18

0

D
A

pr
il 

2
,1

9
9
6
,1

0
 p

er
ce

nt
 ic

e 
co

ve
r, 

er
od

in
g

D
is

ch
ar

ge
, 4

8.
8 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

 
 V

el
oc

ity

H
yd

ro
st

at
ic

 h
ea

d

4
0

 
6

0
 

80
 

10
0 

12
0 

14
0 

16
0 

18
0 

4
0
 

60

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

80
10

0
12

0
14

0
16

0
18

0

Fi
gu

re
 6

. H
yd

ro
st

at
ic

 h
ea

d,
 w

at
er

 d
ep

th
, a

nd
 v

el
oc

ity
 d

is
tri

bu
tio

n 
of

 th
e 

lo
w

er
 B

ra
dl

ey
 R

iv
er

 a
t B

ea
r 

Is
la

nd
. 

(S
ee

 fi
gu

re
 2

 fo
r 

tra
ns

ec
t l

oc
at

io
n)

.



H
yd

ro
st

at
ic

 h
ea

d
\

D
ec

em
be

r 1
7,

19
96

, 3
0 

pe
rc

en
t i

ce
 c

ov
er

, e
ro

di
ng

 
D

is
ch

ar
ge

, 5
2.

6 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d 

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

 
'*

V
el

oc
ity ^x

; 
W

et
 g

ra
ve

ls
, 

no
 fl

ow

Ja
nu

ar
y 

9,
19

97
,1

00
 p

er
ce

nt
 ic

e 
co

ve
r, 

st
ab

le
 

D
is

ch
ar

ge
, 4

1.
4 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

/.^
 V

el
oc

ity

 
 H

yd
ro

st
at

ic
 h

ea
d

40
60

80
10
0

12
0

14
0

16
0

18
0 

40
60

80
10
0

12
0

14
0

16
0

18
0

O
 

2

G

_ 
H

yd
ro

st
at

ic
 h

ea
d 
\

40
 

60
 

80

Fe
br

ua
ry

 1
2,

19
97

, 
35

 p
er

ce
nt

 ic
e 

co
ve

r, 
er

od
in

g
D

is
ch

ar
ge

, 
58

.6
 c

ub
ic

 fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

V
el

oc
ity

H
M

ar
ch

 1
8,

19
97

,1
00

 p
er

ce
nt

 ic
e 

co
ve

r, 
st

ab
le

 
D

is
ch

ar
ge

, 5
3.

5 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

f 
 
 V

el
oc

ity

H
yd

ro
st

at
ic

 h
ea

d

10
0 

12
0 

14
0 

16
0 

18
0 

40
 

60

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

80
10

0
12

0
14

0
16

0
18

0

Fi
gu

re
 6

. A
t 

B
ea

r 
Is

la
nd

, 
C

on
tin

ue
d.



8 a
 

o. o ca o
' o> a a- <D H O c ca

a.
 z

 
o 

uj
 o

 
3

cc
 u

j
UJ

 C
O

IS
!

itn
2

-V
el

oc
ity

Ap
ril

 2
3,

19
97

, 
no

 ic
e

D
is

ch
ar

ge
, 4

0.
5 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

M
ar

ch
 3

,1
99

8,
50

 p
er

ce
nt

 ic
e 

co
ve

r, 
73

 p
er

ce
nt

 a
nc

ho
r i

ce
D

is
ch

ar
ge

, 6
3 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d 
(e

st
im

at
ed

)
N

o 
ve

lo
ci

ty
 d

at
a 

av
ai

la
bl

e

H
yd

ro
st

at
ic

 h
ea

d

40
60

80
10

0
12

0 
14

0 
16

0 
18

0 
40

 
60

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

80
10

0
12

0
14

0
16

0
18

0

0.
 Z

 
UJ

 o
 

Q
O

OC
 U

J 
UJ

 C
O

<
 U

J
5 

a.

K 
M

ar
ch

 4
, 

1 9
98

, 5
0 

pe
rc

en
t i

ce
 c

ov
er

, 6
0 

pe
rc

en
t a

nc
ho

r i
ce

 
D

is
ch

ar
ge

, 4
3.

3 
cu

bi
c 

fe
er

 p
er

 s
ec

on
d

V
el

oc
ity
\.

H
yd

ro
st

at
ic

 h
ea

d

40
 

60
 

80
 

10
0 

12
0 

14
0

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

16
0

18
0

Fi
gu

re
 6

. A
t B

ea
r 

Is
la

nd
, 

C
on

tin
ue

d.



- 
A

N
ov

em
be

r 2
9,

19
95

,1
00

 p
er

ce
nt

 ic
e 

co
ve

r, 
fo

rm
in

g
D

is
ch

ar
ge

, 4
6 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d 
(e

st
im

at
ed

)
N

o 
ve

lo
ci

ty
 d

at
a 

av
ai

la
bl

e

H
yd

ro
st

at
ic

 h
e
a
d
 -

/ 
/

50
 

60
 

70
 

80

B
Ja

nu
ar

y 
11

,1
99

6,
10

0 
pe

rc
en

t i
ce

 c
ov

er
, f

or
m

in
g 

D
is

ch
ar

ge
, 4

3.
4 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d

10
0

11
0 

40
50

60
70

80
90

10
0

11
0

cc
 

in I Q
 

3

LU z y 
2 I o oc Q

 

£
 

1 40
50

Fe
br

ua
ry

 2
7,

19
96

, 3
5 

pe
rc

en
t i

ce
 c

ov
er

, e
ro

di
ng

D
is

ch
ar

ge
, 5

3.
1 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

H
yd

ro
st

at
ic

 h
ea

d

,.
..

..
/'-.

 I
 

"* 
V

"
^
 V

el
oc

ity
 

V
 \
\

60
70

80
90

10
0

D

11
0 

40
50

Ap
ril

 2
,1

99
6,

 n
o 

ic
e

D
is

ch
ar

ge
, 4

8.
6 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

H
yd

ro
st

at
ic

 h
ea

d 
x^

60
70

80
90

10
0

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

11
0

3
 

<o
Fi

gu
re

 7
. H

yd
ro

st
at

ic
 h

ea
d,

 w
at

er
 d

ep
th

, 
an

d 
ve

lo
ci

ty
 d

is
tri

bu
tio

n 
of

 th
e 

lo
w

er
 B

ra
dl

ey
 R

iv
er

 n
ea

r T
id

ew
at

er
. 

(S
ee

 fi
gu

re
 2

 fo
r 

tra
ns

ec
t l

oc
at

io
n)

.



< Q
. 

O_ O (Q o
°

0) a w (D

Q
 

o
Z

 
J

O O LU CO DC LU a.
 

2

LU
 

LU
 

LL

D
ec

em
be

r 
17

,1
99

6,
 5

0 
pe

rc
en

t i
ce

 c
ov

er
, e

ro
di

ng
 

D
is

ch
ar

ge
, 5

2.
6 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th
 

'*
 

-I
Ja

nu
ar

y 
9,

19
97

,1
00

 p
er

ce
nt

 ic
e 

co
ve

r, 
fo

rm
in

g 
D

is
ch

ar
ge

, 4
0 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d 
(e

st
im

at
ed

)

70
80

90
10

0
11

0

z
 

o (D cr (D o C to

a
 

cc 1 Q
 

3

< Q <
 

LU

G
Fe

br
ua

ry
 1

2,
19

97
, 

no
 ic

e
D

is
ch

ar
ge

, 5
2.

9 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

H
yd

ro
st

at
ic

 h
ea

d

H
M

ar
ch

 1
7,

19
97

,4
0 

pe
rc

en
t i

ce
 c

ov
er

, f
or

m
in

g 
D

is
ch

ar
ge

, 5
3.

7 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d

40
 

50
 

60
 

70
 

80
 

90
 

10
0 

11
0 

40
 

50

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

60
70

80
90

10
0

11
0

Fi
gu

re
 7

. N
ea

r T
id

ew
at

er
, 

C
on

tin
ue

d.



Q
 

o
Z

 
°>

O O LL
J

CO (T LL
J a.
 

2

H
yd

ro
st

at
ic

 h
ea

d

A
pr

il 
23

,1
99

7,
 n

o 
ic

e
D

is
ch

ar
ge

, 4
6.

6 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

1 
-

D
ec

em
be

r 3
,1

99
7,

45
 p

er
ce

nt
 ic

e 
co

ve
r, 

fo
rm

in
g

D
is

ch
ar

ge
, 4

3.
4 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

60
70

80
90

10
0

11
0 

40
 

50
90

10
0

11
0

Q
 

CC
 

LL
J 5
 

Q
 

3

I y 
2

K
Ja

nu
ar

y 
14

,1
99

8,
10

0 
pe

rc
en

t i
ce

 c
ov

er
, f

or
m

in
g 

D
is

ch
ar

ge
, 

51
.4

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d 
\

M
ar

ch
 3

,1
99

8,
30

 p
er

ce
nt

 ic
e 

co
ve

r, 
fo

rm
in

g 
D

is
ch

ar
ge

, 6
2.

2 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d

40
 

50
 

60
 

70
 

80
 

90
 

10
0 

11
0 

40
 

50
 

60

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

70
80

90
10

0
11

0

(Q C
Fi

gu
re

 7
. 

N
ea

r 
Ti

de
w

at
er

, 
C

on
tin

ue
d.



O :£ o S-S.

§11
8.0 H 
831

.0

" *-  9? * c Q- CD
  0) *^ ±±

H <D fe<])»:* 
0.0 II

8 2 -o 
3 S . o o>

Mi

L 53?

.a 5 "

« eo ' §

T3
<D

c
O
O

I
0

CO 
0

o>
3 
O)

aNO03S d3d 133d Nl 'A1IOO13A :i33d Nl 'HldSQ d31VM QNV QV3H OIlVlSOdQAH

24 Hydrologic and Water-Quality Data for the Lower Bradley River, Alaska, November Through April 1995-98



Q
. 

O
 

H
I 

O
 

G
 L

U
a:

 c
o

III
 C

C 
h-

 1
11 It < LU

Q
M

ar
ch

 5
,1

99
8 

at
 9

 a
.m

., 
30

 p
er

ce
nt

 ic
e 

co
ve

r, 
fo

rm
in

g
D

is
ch

ar
ge

, 3
3.

5 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

40
50

60
70

80
90

10
0

0

R

11
0 

40

M
ar

ch
 5

,1
99

8 
at

 2
 p

.m
., 

30
 p

er
ce

nt
 ic

e 
co

ve
r, 

fo
rm

in
g

D
is

ch
ar

ge
, 3

8.
3 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

50
60

70
80

90
10

0
11

0

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

E
X

P
LA

N
A

T
IO

N

H
yd

ro
st

at
ic

 h
ea

d 

V
el

oc
ity

T
l

Fi
gu

re
 7

. 
N

ea
r T

id
ew

at
er

, 
C

on
tin

ue
d.



o (Q o
'

fi) 3 a

8 
3

LL
J 

05
 

(T
 

LU
 

Q
. Hi 

2

- 
0

N
ov

em
be

r 2
9,

19
95

,1
00

 p
er

ce
nt

 ic
e 

co
ve

r, 
fo

rm
in

g
D

is
ch

ar
ge

, 4
6 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d 
(e

st
im

at
ed

)
N

o 
ve

lo
ci

ty
 d

at
a 

av
ai

la
bl

e

H
yd

ro
st

at
ic

 h
e

a
d

\^

B
Ja

nu
ar

y 
11

,1
99

6,
 9

5 
pe

rc
en

t i
ce

 c
ov

er
, f

or
m

in
g

D
is

ch
ar

ge
, 4

3 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d 

(e
st

im
at

ed
)

N
o 

ve
lo

ci
ty

 d
at

a 
av

ai
la

bl
e

H
yd

ro
st

at
ic

 h
ea

d

80
90

10
0

11
0

12
0

13
0

14
0 

15
0 

16
0 

80
90

10
0

11
0

12
0 

13
0

14
0

15
0

M
ar

ch
 4

,1
99

6,
 <

20
 p

er
ce

nt
 ic

e 
co

ve
r, 

er
od

in
g

D
is

ch
ar

ge
, 4

8.
8 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

V
el

oc
ity

D
Ap

ril
 2

,1
99

6,
 n

o 
ic

e
D

is
ch

ar
ge

, 4
5.

3 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

V
el

oc
ity

,

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0 

80
90

10
0

11
0

12
0

13
0

14
0

15
0

D
IS

TA
N

C
E

 F
R

O
M

 L
E

FT
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

16
0

16
0

Fi
gu

re
 8

. H
yd

ro
st

at
ic

 h
ea

d,
 w

at
er

 d
ep

th
, 

an
d 

ve
lo

ci
ty

 d
is

tri
bu

tio
n 

of
 th

e 
lo

w
er

 B
ra

dl
ey

 R
iv

er
 a

t T
re

e 
B

ar
 R

ea
ch

. (
S

ee
 fi

gu
re

 2
 fo

r 
tra

ns
ec

t l
oc

at
io

n)
.



O
 

3

CO cc LU
 

Q
. tu
 

2

b"
 

0
 '

  
' 
 r

..
.>

..
<

. 
.!

  
 !

 

8
0
 

9
0

D
ec

em
be

r 
17

,1
99

6,
60

 p
er

ce
nt

 ic
e 

co
ve

r, 
er

od
in

g
D

is
ch

ar
ge

, 5
2.

3 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

V
el

oc
ity

 \
 -

..,_
 

  
,

/ 
v" 

'  
./

Ja
nu

ar
y 

9,
19

97
,1

00
 p

er
ce

nt
 ic

e 
co

ve
r, 

fo
rm

in
g 

D
is

ch
ar

ge
, 3

9.
0 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d.

10
0

11
0

13
0

14
0

15
0

16
0 

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

G
Fe

br
ua

ry
 1

2,
19

97
, n

o 
ic

e
D

is
ch

ar
ge

, 5
4.

5 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

W
at

er
 d

ep
th

H
M

ar
ch

 1
8,

19
97

, 9
2 

pe
rc

en
t i

ce
 c

ov
er

, s
ta

bl
e 

D
is

ch
ar

ge
, 5

3.
0 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d

80
 

90
 

10
0 

11
0 

12
0 

13
0 

14
0 

15
0 

16
0 

80
 

90
 

10
0

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

11
0

12
0

13
0

14
0

15
0

16
0

to c
Fi

gu
re

 8
. A

t T
re

e 
B

ar
 R

ea
ch

, 
C

on
tin

ue
d.



I o (Q o
'

D)
 

Q
. I 6

Q
 

o 
Z

 
J

O
 

O UJ
 

CO a: UJ Q.
 

2

U
J 

U
J 

LL

A
pr

il 
23

,1
99

7,
 n

o 
ic

e
D

is
ch

ar
ge

, 4
6.

6 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

V
el

oc
ity

80
90

10
0

11
0

12
0

13
0 

14
0

15
0

0

D
ec

em
be

r 3
,1

99
7,

 3
3 

pe
rc

en
t i

ce
, f

or
m

in
g 

D
is

ch
ar

ge
, 4

6.
1 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d

16
0 

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

00 (Q

S3
 

4
Q tr UJ I Q

 
3

<
 

Q 2
-K

M
ar

ch
 3

,1
99

8,
 5

6 
pe

rc
en

t i
ce

 c
ov

er
, 

fo
rm

in
g 

D
is

ch
ar

ge
, 

65
.8

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0 

80

M
ar

ch
 4

,1
9
9
8
,5

6
 p

er
ce

nt
 ic

e 
co

ve
r, 

fo
rm

in
g 

D
is

ch
ar

ge
, 

72
.8

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d

90
10

0
14

0
15

0
16

0

D
IS

TA
N

C
E

 F
R

O
M

 L
E

FT
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

Fi
gu

re
 8

. A
t T

re
e 

B
ar

 R
ea

ch
, 

C
on

tin
ue

d.



M
ar

ch
 5

,1
99

8,
 5

6 
pe

rc
en

t i
ce

 c
ov

er
, f

or
m

in
g 

D
is

ch
ar

ge
, 3

4.
0 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

10
0 

11
0 

12
0 

13
0 

14
0 

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

E
X

P
LA

N
A

T
IO

N
 

 
 

H
yd

ro
st

at
ic

 h
ea

d

 
 
 
-
 

W
at

er
 d

ep
th

 

...
...

...
...

 
V

el
oc

ity

(Q C

Fi
gu

re
 8

. A
t T

re
e 

B
ar

 R
ea

ch
, 

C
on

tin
ue

d.



o (O
 

O
*

0) a £ CO 6 o I CD 0) a o <a <O
 

<O
 

cn

D
ec

em
be

rs
, 

19
95

,1
00

 p
er

ce
nt

 ic
e 

co
ve

r, 
fo

rm
in

g 
- 

D
is

ch
ar

ge
, 4

3.
4 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

LLJ Q cc s I 3 Q < Q 55 X
 

2
 

O 8 I 
1

80
90

M
ar

ch
 4

,1
99

6,
 6

7 
pe

rc
en

t i
ce

 c
ov

er
, e

ro
di

ng
 

D
is

ch
ar

ge
, 4

2.
8 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d

B

10
0 

20

D

Ja
nu

ar
y 

12
,1

99
6,

10
0 

pe
rc

en
t i

ce
 c

ov
er

, f
or

m
in

g
D

is
ch

ar
ge

, 4
3 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d 
(e

st
im

at
ed

)
N

o 
ve

lo
ci

ty
 d

at
a 

av
ai

la
bl

e

H
yd

ro
st

at
ic

 h
ea

d

30
40

50
60

70
80

90

A
pr

il 
3,

19
96

, 
80

 p
er

ce
nt

 ic
e 

co
ve

r, 
fo

rm
in

g
D

is
ch

ar
ge

, 5
4.

0 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

H
yd

ro
st

at
ic

 h
ea

d

20
 

30
 

40
 

50
 

60
 

70
 

80
 

90
 

20
 

30

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

40
50

60
70

80
90

Fi
gu

re
 9

. H
yd

ro
st

at
ic

 h
ea

d,
 w

at
er

 d
ep

th
, a

nd
 v

el
oc

ity
 d

is
tri

bu
tio

n 
of

 th
e 

lo
w

er
 B

ra
dl

ey
 R

iv
er

 b
el

ow
 F

is
h 

C
am

p.
 (

Se
e 

fig
ur

e 
2 

fo
r 

tra
ns

ec
t l

oc
at

io
n)

.



.- 
o 20

D
ec

em
be

r 1
8,

19
96

,1
00

 p
er

ce
nt

 ic
e 

co
ve

r, 
er

od
in

g 
D

is
ch

ar
ge

, 6
0.

6 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d

30
40

50
60

70
80

90
 

20

H
yd

ro
st

at
ic

 h
ea

d

Fe
br

ua
ry

 1
2,

19
97

, 
no

 ic
e

D
is

ch
ar

ge
, 5

3.
2 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

30
40

50
60

70
80

90

G
M

ar
ch

 1
8,

19
97

,1
00

 p
er

ce
nt

 ic
e 

co
ve

r, 
st

ab
le

 
D

is
ch

ar
ge

, 5
0.

9 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
-^

H
Ap

ril
 2

3,
19

97
, 

no
 ic

e
D

is
ch

ar
ge

, 4
8.

0 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

H
yd

ro
st

at
ic

 h
ea

d

20
 

30
 

40
 

50
 

60
 

70
 

80
 

90
 

20
 

30
 

40

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

50
60

70
80

90

Fi
gu

re
 9

. 
B

el
ow

 F
is

h 
C

am
p,

 C
on

tin
ue

d.



86-S661 M'B>)SBIV 'ja/wo-| am joj BIBQ AmenQ-jaieM pue oi6o|ojpAH

(Q
C

(O

CD 
CD_ 
O

T

O
o>

33
O 
o
13

C 
CD 
Q.

HYDROSTATIC HEAD AND WATER DEPTH, IN FEET; 
VELOCITY, IN FEET PER SECOND

-^ N> CO .fk

HYDROSTATIC HEAD AND WATER DEPTH, IN FEET; 
VELOCITY, IN FEET PER SECOND

V (Q -*

§8O-o
-K CD

SCO



3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

20

D
ec

em
be

r 4
,1

99
5,

10
0 

pe
rc

en
t i

ce
 c

ov
er

, 
fo

rm
in

g 
D

is
ch

ar
ge

, 
40

.1
 c

ub
ic

 fe
et

 p
er

 s
ec

on
d 

(m
ay

 b
e 

tid
e 

af
fe

ct
ed

)

H
yd

ro
st

at
ic

 h
ea

d

W
at

er
 d

ep
th

V
el

oc
ity

40
60

80
10

0
12

0 
14

0
16

0

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

B

18
0 

0

Ja
nu

ar
y 

12
,1

99
6,

10
0 

pe
rc

en
t i

ce
 c

ov
er

, f
or

m
in

g
D

is
ch

ar
ge

, 
43

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d 
(e

st
im

at
ed

)
N

o 
ve

lo
ci

ty
 d

at
a 

av
ai

la
bl

e

H
yd

ro
st

at
ic

 h
ea

d 

W
at

er
 d

ep
th

20
40

60
80

10
0

12
0

14
0

16
0

18
0

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

M
ar

ch
 5

,1
99

6,
10

0 
pe

rc
en

t i
ce

 c
ov

er
, 

er
od

in
g 

D
is

ch
ar

ge
, 

50
.2

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d

H
yd

ro
st

at
ic

 h
ea

d

W
at

er
 d

ep
th

V
el

oc
ity

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

D
A

pr
il 

3,
19

96
, 

60
 p

er
ce

nt
 ic

e 
co

ve
r, 

th
in

 p
la

te
, f

or
m

in
g

D
is

ch
ar

ge
, 

54
.5

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

H
yd

ro
st

at
ic

 h
ea

d

V
el

oc
ity

20
 

40
 

60
 

80
 

10
0 

12
0 

14
0 

16
0 

18
0 

0 
20

 
40

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

60
80

10
0

12
0

14
0

16
0

18
0

11

Fi
gu

re
 1

0.
 H

yd
ro

st
at

ic
 h

ea
d,

 w
at

er
 d

ep
th

, a
nd

 v
el

oc
ity

 d
is

tri
bu

tio
n 

of
 th

e 
lo

w
er

 B
ra

dl
ey

 R
iv

er
 a

t U
pp

er
 R

iff
le

 R
ea

ch
. 

(S
ee

 fi
gu

re
 2

 fo
r 

tra
ns

ec
t 

lo
ca

tio
n)

.



o (Q o
'

D> a D> <S i (D 00 o (Q

3.
0

2.
5

2.
0

[jj
 

1.
5

Li
l 1 £
 

0.
5

Q
 

Z
 

< t
 

°
 

LU H
 

3.
0 

a.
 

LU
 

o ffi
 

2.
5

I o
2.

0

1.
5

co
 

1.
0

o cc
 

o £
 

0.
5

20

G

40

D
ec

em
be

r 
18

,1
99

6,
10

0 
pe

rc
en

t i
ce

 c
ov

er
, e

ro
di

ng
D

is
ch

ar
ge

, 6
0.

6 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d 

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

 (
le

ft 
ch

an
ne

l o
nl

y)

H
yd

ro
st

at
ic

 h
ea

d

W
at

er
 d

ep
th

Ve
lo

ci
ty

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

60
80

10
0

12
0

14
0

16
0

M
ar

ch
 1

8,
19

97
,1

00
 p

er
ce

nt
 ic

e 
co

ve
r, 

st
ab

le
 

D
is

ch
ar

ge
, 5

4 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d

W
at

er
 d

ep
th

 

V
el

oc
ity

18
0

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

Fe
br

ua
ry

 1
2,

19
97

, 
no

 ic
e

D
is

ch
ar

ge
, 6

0.
6 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

H
yd

ro
st

at
ic

 h
ea

d

V
el

oc
ity

20
40

60
80

10
0

12
0

14
0

16
0

18
0

H
Ap

ril
 2

3.
19

97
, 

no
 ic

e
D

is
ch

ar
ge

, 4
7.

6 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

H
yd

ro
st

at
ic

 h
ea

d

V
el

oc
ity

20
 

40
 

60
 

80
 

10
0 

12
0 

14
0 

16
0 

18
0 

0 
20

 
40

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

60
80

10
0

12
0

14
0

16
0

18
0

Fi
gu

re
 1

0.
 A

t U
pp

er
 R

iff
le

 R
ea

ch
, 

C
on

tin
ue

d.



3.
0

2.
5

2.
0

1.
5

t 
A

z
 

1.
0

0.
5 20

D
ec

em
be

r 4
,1

99
5,

10
0 

pe
rc

en
t 

ic
e 

co
ve

r, 
fo

rm
in

g 
D

is
ch

ar
ge

, 4
2.

1 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d

W
at

er
 d

ep
th

V
el

oc
ity

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

B

40
60

80
10

0
12

0
14

0
16

0 
20

M
ar

ch
 5

,1
99

6,
10

0 
pe

rc
en

t i
ce

 c
ov

er
, 

er
od

in
g 

D
is

ch
ar

ge
, 4

1.
0 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

3.
0

- 
2.

5

- 
2.

0

- 
1.

5

- 
1.

0

- 
0.

5

: 
D

10
0

Ja
nu

ar
y 

12
,1

99
6,

10
0 

pe
rc

en
t i

ce
 c

ov
er

, f
or

m
in

g
D

is
ch

ar
ge

, 
43

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d 
(e

st
im

at
ed

)
N

o 
ve

lo
ci

ty
 d

at
a 

av
ai

la
bl

e

H
yd

ro
st

at
ic

 h
ea

d

W
at

er
 d

ep
th

40
60

12
0 

14
0 

16
0 

20
 

40
 

60
 

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

80
10

0
12

0
14

0
16

0

A
pr

il 
3

,1
9

9
6

, 
<1

0 
pe

rc
en

t 
ic

e 
co

ve
r,

 f
or

m
in

g
D

is
ch

ar
ge

, 
49

.8
 c

ub
ic

 fe
et

 p
er

 s
ec

on
d

H
yd

ro
st

at
ic

 h
ea

d 
= 

w
at

er
 d

ep
th

V
el

oc
ity

 

H
yd

ro
st

at
ic

 h
ea

d

80
10

0
12

0
14

0
16

0

Fi
gu

re
 1

1.
 H

yd
ro

st
at

ic
 h

ea
d,

 w
at

er
 d

ep
th

, 
an

d 
ve

lo
ci

ty
 d

is
tr

ib
ut

io
n 

of
 th

e 
lo

w
er

 B
ra

dl
ey

 R
iv

er
 a

t L
ow

er
 R

iff
le

 R
ea

ch
. 

(S
ee

 fi
gu

re
 2

 
fo

r 
tra

ns
ec

t 
lo

ca
tio

n)
.



 < 0
. o_ O (Q o
'

D> 3 a D)
 

(D I D
)

3
- 

(D I O (Q

3.
0

2.
5

2.
0

1.
5

5
 

1.
0

o 3
 

0.
5

HI fc HI
20

uJ
 

3.
0

Q CC HI
G

2.
5

2.
0

H
I

X y 
1.5 1.

0

0.
5 20

D
ec

em
be

r 
18

,1
99

6,
10

0 
pe

rc
en

t i
ce

 c
ov

er
, e

ro
di

ng
 

D
is

ch
ar

ge
, 5

6.
0 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d

V
el

oc
ity

ly
dr

os
ta

tic
 h

ea
d 

W
at

er
 d

ep
th

40
60

80
10

0
12

0
14

0

M
ar

ch
 1

8,
19

97
,1

00
 p

er
ce

nt
 ic

e 
co

ve
r, 

st
ab

ie
 

D
is

ch
ar

ge
, 

50
.8

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d

V
el

oc
ity

  

H
yd

ro
st

at
ic

 h
ea

d 

W
at

er
 d

ep
th

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

40
60

80
10

0
12

0
14

0

16
0 

20

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

H

16
0 

20

Fe
br

ua
ry

 1
2,

19
97

, 
no

 ic
e

D
is

ch
ar

ge
, 6

3.
3 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

W
at

er
 d

ep
th

H
yd

ro
st

at
ic

 h
ea

d

40
60

80
10

0
12

0
14

0
16

0

Ap
ril

 2
3,

19
97

, 
no

 ic
e

D
is

ch
ar

ge
, 4

9.
9 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th

V
el

oc
ity

H
yd

ro
st

at
ic

 h
ea

d

40
60

80
10

0
12

0
14

0
16

0

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

Fi
gu

re
 1

1.
 A

t L
ow

er
 R

iif
fle

 R
ea

ch
, 

C
on

tin
ue

d.



fc
" 

3
U

J u. z

o
U

JO
 

Q
 t

il IS Z
 U

_

IB

M
ar

ch
 4

,1
9
9
8
,6

0
 p

er
ce

nt
 ic

e 
co

ve
r, 

fo
rm

in
g

D
is

ch
ar

ge
, 

64
.1

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d 
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th
 (

rig
ht

 c
ha

nn
el

 o
nl

y)

M
ar

ch
 5

,1
9
9
8
,6

0
 p

er
ce

nt
 ic

e 
co

ve
r, 

fo
rm

in
g

D
is

ch
ar

ge
, 

33
.3

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d 
H

yd
ro

st
at

ic
 h

ea
d 

= 
w

at
er

 d
ep

th
 (

rig
ht

 c
ha

nn
el

 o
nl

y)

20
 

40
 

60
 

80
 

10
0 

12
0 

14
0 

16
0 

20
 

40

D
IS

T
A

N
C

E
 F

R
O

M
 L

E
F

T
 B

A
N

K
 M

A
R

K
E

R
, 

IN
 F

E
E

T

60
80

10
0

12
0

14
0

16
0

E
X

P
LA

N
A

TI
O

N
 

 
 

H
yd

ro
st

at
ic

 h
ea

d

 
 
 
 

W
at

er
 d

ep
th

 »
» 

»»
» 

V
el

oc
ity

-n
 

(5*

Fi
gu

re
 1

1.
 A

t 
Lo

w
er

 R
iff

le
 R

ea
ch

, 
C

on
tin

ue
d.



February March April
1997

- No intragravel water temperature data from Nov. 1 to Dec. 3

A A

November December 
1997

January February March
1998

EXPLANATION

  Surface water

  Intragravel water

April

Figure 12. Daily mean surface- and intragravel-water temperature of Bradley River near 
Tidewater.

38 Hydrologic and Water-Quality Data for the Lower Bradley River, Alaska, November Through April 1995-98


